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AQLJEOUS LA130R.I\T9RY WASTI:S BY (:1{1:)11(X1. ‘l’RIL1-I!JI:S’l’

JOSCph 1. Drilgo and .:. R. 13uchhol z

INI’ROINJCTION

Low level , aqucolls radio act ivc W:lstcs gCn Crat Gd at the

Los .“tlamos Scientific I,aborotory [L.\SI. ) *re collcctccl in

an industrial waste sewer system and arc clclivcrcd to a

separate technical :Ircu, ‘f: \-SO, for treatment. The major

radio nuclidcs in this waste arc 23ti -plutonium and 259”p1u -

t.onium with some 241-amcric ium, 9C -stront in nnd lji-ccsium.

Typical values for ttll~ concc?trat ions of these radio nuclides

in thr raw waste, along with their half-lives, major decay

modes and concentration guides for water, uncontrolled

areas, 1 ((IGrs) are sumrnnrizcd in Table I. Additional aqueous

radioactive wastcsv.rc alsc~ grncratcd and treated at the I,ASI..

plutonium and uranium processing area, TA-21, but these

wastes will not hci considered ill this pnpcr.

‘1’hu I,AS1, wustc m:lnngcmcrit philosophy is to concentrate

nnd contain the rudioactiri ty to produce ill] effluent which

rccluccs the r:ldio:lctitcity to thr Iowcst practlc:lblc lCVCIS.

.
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cussed further. Raw wastes are rcccived in holdin!! tanks

which are sizccl to handle overnight and weekend flows.

‘I’he liquid treatment train provides a high pll (above 11.0)

chemical precipitation-floccula tion process similar to the

4one first described by Christenson, ct. al. Cation exchange

for removal of beta-gamma emitters, including ‘OSr and ‘37CS,

is an in-line process for additional treatment.

Raw feed is pumped from the wiistc holding tanks and

routed to either or both of the two chemical treatment trains,

which can be operated in parallel [normal mode) or series

at design rates of 250 gpm (total) and 125 gpm, respectively.

These two treatment trains provide flush mixing of reactant

chemicals (2 minutes), flocculation [40 minutes] and sedi-

mentation (2.5 hours) in cnmbincd flocculator-cl arifi cr units.

A small fraction of the sludge produced is normally rccyclcd

to the flash mixers to aid in the floe formation.

The scttlil,g tank effluents (STE’S) are combined (parallel

operation) and rccarhonatecl before filtration (3 gpm/ft2) with

gradccl anthracite t.o remove any fine particles carried over

from the settl;ng units. The filtrate passes through two

hydrogen. iorm cation cxchangc columns and .is routed to a

treated-waste holding tank. If the :+lphoactivity in the

fi”ltratc is less than about 2,000 pCi/2, it is discharged

tO ~ canyon th~OUgh all OUt~illl; if not the ~“iltrilt~ is rc-

trcntcd. Normally the alphn activity in the fi”ltrnte will

nvcr;lyc Icss th:ln 400 pCi/Jl.
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SIIIdge is dra~(n t’romtllcbottom of the flocculation-

clarification tanks and dc~~atered by vacuum filtratio~?. Fil-

ter backwash water is returned to the raw waste storage tanks.

The spent ion exchange regenerant is chemically treated;

the sludge is then dewatered and the supernatant is returned

to the raw waste holding tanks. !Iandlingof these sludges

has been discussed elsewhere.s

The current chemical reactants used at the L+ISLnormally

include ferric sulfate (about 100 mg/2), hydrated lime (about

400 mg/2), trisodium phosphate (about 100-200 rig/l) and a

nonionic or anionic polyelectrolyte (about 1 mg/L). These

produce a voluminous floe containin: ferric hyciroxide, calcium

carbonate and basic calcium phosphate at high pH (>11.0).

Christenson, et al.4 found that a high pH (with calcium pres-

ent) was ncccssary in addition to the ferric hydroxide to

provide adeql~atc plutonium rewovals when citrates and poly-

phosphates were present. Drngo6 tound that these conditions

were also necessary to obtain satisfactory plutonium remo”uals

in wastes containing EDTA (disodium ethyle~ediamine tetra-

acetate]. Nevertheless, excess chelating agents or unknown

contaminants in the raw waste occasionally caused plant up-

sets since the Fc was complexcd. and plutonium removal ef-

ficiencies sharply dccrcascd. The effluent required re-

treatment bel”orc it CCJLIl~ hc discllurged.

The high pH conditions and iron complcxing problems

indicated that Rlg(lI)mjght minimize this problem because a
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metal hydroxide fioc would still be formed, but the nagncsil:m

would bc less sensitive to completing than Fe(IIT).

The current treatment normally provides only limited

amcunts of 90 Sr and 137 Cs removal. lrisodium phosp!~ate (TSP)

is used to help aid in removing 90Sr, but the high TSP:lime

ratios which Lauderdale 7 found were necessary (ratios

over 2.2 to provide greater than 90 percent removal) can not

be achieved in the TA-50 plant; significant floe carryover

and increased alpha in the settling tank effluent occurred

when the TSP:lime was much greater than 0.5.

Clays have been used as coagulant aids to remove ‘OSr

and 137 Cs from radioactive wastes with varying degrees of

success. 8
Clintoptilolite, a natural zeolitc with a high

selectivity for cesium and a lesser one for strontium

(Cs+ > Rb+ > NH4+ > Ba2+ > Sr
2+

> Sa ‘>ca
2+

> Fe3+ > .A13+ >

Mg2+ > Li+) has been used in a column form to remove 137CS

and ‘o Sr From aqueous wastes. A powdered form of clintop-

tilolite was selected for this study to cietcrmine its effec-

tiveness as a coagulant aid.

EXPERIMENTAL

Procedures - The investigations in this study included

batch experiments and full scale plant tests OF various

chemical treatments.

BiltC!i I!xperimcnt.s- These corl:;istcdof ::tandnrd j:lr

tests using a G-multi-paddle stirring apparatus (Phipps and

Bird, Richmond, Virginia) and one-liter samples in 1500 mE
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beakers. lhc samples were rapid-mixed while the chemicals

were added and for one additional minute at 100 RPM, floc-

culated. for 20 minutes at 20 RPM, then allowed to settle

for at least 30 minutes. At this time, ~t least 150 ml

of the supcrnatant were filtered through a h’hatman Nc. 541

filter paper. Samples were taken before and after filtration

for appropriate radioactivity measurements.

~lant Tests - l,]esc directly used the parallel chemical

treatment trains in the TA-50 plant to provide side-by-side

comparisons between the modified and the current chemical

treatments. The plant sampling syst:m was used to take daily

and weekly composite samples for analyses.

Waste Solutions - The hatch experiments were performed

with LASL tap water containing a 238PU - 239Pu spike in

*N ‘No3’ a 137Sr spike in 2N HC1. The spiked solutions con-

tained approximately 68 x 106 pCi/J. of the 23$>U - 239PL,

(76 pcrccnt 238 Pu by alpha activity) and approximately

2 x 107 pCi/R of 137CS and 1.5 x 107 pCi/E of 85Sr as ap-

propriate (
85 Sr, a gamma emitter, was used in place of

90~r
s

a beta emitter, to simplify the radioactivity determinations).

The acid added by the spikes was neutralized by 6S NaOH.

TablcJT provides a comparison of selecl.ed chcrnical con-

stituents in the TA-SO raw feed and LASL tapwatcr. The

;dd’itiunOf the il~~ds :lll~! ]I:lSCS ttl t]l’.’ s~ik~!d sollltions

raised the specific conc?uctancc to ~round 1100-1200 llmho/cm,

which is similar to the raw feed. The powdered clinoptilolite

USCCI in sc)mc cxpcrimcnts helped simulate the suspended solids



found in the raw

Chemicals -

-ti -

feed.

The chemicals used in the batch test were

all reagent grade except for the clinoptilolite; those used

in the plant tests were commercial grade. The clinoptilo-

litc used in the batch test was obtained as 50 mesh zcolex,

{Double Eagle Petroleum and ~lining Compa,ny, Casper, hlyomirlg].

This was ball milled and sieved through a 325 mesh sieve -

to produce a fine powder. The clinoptilolite used in the plant

was Zeolex 725 (Double Eagle), with an ?!t-!~ exchange capacity

of 2.0 meq~g and with ov~r 95 percent of the particles

passing a 200 mesh sieve.

Analyses - The alpha activity of the plutonium was—
137

determined with an internal proportional counter, Cs and

85
Sr by gamma spectromctry,

238 Pu and
239Pu by alpha spcctro-

90
metry and 5r with a beta proportional ccuntcr. Raclio-

chemical separations, using accepted methods, were made of

238P11 239PU, 90
plant samples for Sr, and 137

s ~S before the

gross radioactivity determinations were made.

RES[JLTS

Batch Experiments - Preliminary screening tests were con-

ducted with magncsi,.m sulfate to clctermine the dosage required

for further testing. Six different chemical treatments were

compared in jar tests SO that the (?ffccts Of h!~(II), Fe (I~~J,

lime, anJ trisodium pllosp!~dtvon p!::tonil::,lrcr Ivnl cnt:ldhc

macle. Table 111 summarizes the treatments tested and the

dosages used.
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A scrccning test was made for sorption of zs~p,, . 239PU
s

~j~
Cs and 85Sr on powdered clinopti]olitc (“:325 mesh), using

spiked tapwatcr (pll=ll .6) with 100” ml portions containing

VilriOUS concentrations of clinoptilolitc [0, 10, 20, 50, 100,

200, 500, and 1000 mg/2). The sa[~plcs were mixed with wrist

action shukers for 30 minutes, then removed and filtered

through h’hatman No. 2 filter paper before counting. Figure 2

shows n plot OF percent rtidionuclic?c sorhcd (corrected for

losses in filtering the po~tion without clinoptilolitc) as

a function of clinoptilolitc concentr~tion. Based ‘~n these

results, it appearcc! that dosages around ILJO mg/1 might hc

suitable for the jar test cxpcrimcnts.

Plutonium removals in jar tests - The results of a—.

series of jar tests using the six chemical treatments :tncl0,

50, and 100 mg/1 clinoptilolitc arr shown in Table I\-. The

unfiltered supcrnatant results indicate that the presence of

a mctnl hydroxide
[

llg(01!)2 or l:C(Oll)j 1in the floe improves

the plutonium removals as compared to the lime-only treatment.

This cfrcct is significantly rcduccd when trismlium phosphate

is added, tilthough the magncsi~llll-lime-TS1’ and ferric-lime-TSP

provided better results than the lime-TSP treatment. The

general trend c)f these tests indicate that the prcsencc of

suspcndrd matter (clinoptilol.itc) improrcs the pJ.utonium rc-

1:1111.:11.

The results of another series of jar tests, using 100 mg/t
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clinoptiloiitc and various concentrations of EDTA, are sum-

marized in “fable V. These tests indicate that increasing

the EDTA concentration generally resulted in poorer removals

of plutonium. Note that the trcn.tmcnts without a metal hydrox-

ide in the floe were affected more by the EllrA concentration.

This puts a practicai limit on the use of lime-TSP treatment

because the TA-50 raw feed frequently contains chelating agents.

Additional tests were run with the magnesium and ferric

treatments on raw feed and other spiked tapwater samples con-

taining chelating agents which showed that comparable results

for the magnesium-lime-TSP and ferric-lime-TSP treatments

were obtained.

Strontium and cesium removals - The removal of 85Sr and

137
Cs in the first series of jar tests in which O, 50, and 100

mg/t clinoptilolitc were used are shown in Table V1 along with

similar results from spiked raw feed samples. The 85”Sr rcmovnls

ranged from 25-75% al,d generally were better where trisodium

phosphate was used. Slightly better results were obtained

with 50 mg/g clinoptilolitc than with 100 mg/1 clinoptilolitc.

The 137 Cs removals improved from zero removal without

clinoptilolite up to over 8[J% with 100 mg/Jl clincptilolite

for the spiked tapwater and over 60% with the spiked raw feed.

Slightly better removals were obtained when the chemical

trcntmcnt did not contain trisoi!i!m phosphotc. T!~is appears

to bc rclntcd to the amounts of sodium present in the solution;

the sodium may compctc with the Cs for sorption sites on

the clinoptilolitc. Figures 3 and 4 show the
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137relationship hctwcen (;s removal vcBrsus residual ctllcium

concentration iInd spccjfic conductance (an indirect measure

of sodium). For simplicity, only the distinction OF

whether TSP was used is made on these plots.

Plant Test - Full scale plant tests were cGnducted to

determine the effectiveness of (1) magnesium sulfate-lime-

trisodium phosphate trcattnent and (2) powdered clinoptilo- -

lite in conjunction with ferric sulfate-lime trisodium phosphate

treatment. in both cases, ferric sulfate-lime-trisodium

phosphate treatment was established as a control using the

parallel chemical treatment trains in the TA-5!I plant.

(1) Nagnesium Sulfate rs Ferric Sulfate - Table VII pro-

vides a summary of the chcrnical usage and the performance

of each treatment based on alpha activity of daily composite

samples during 24 operating dnys. Variation of the alpha

activity in the raw feed and the settling tank effluents (STE)

for a 39 day period is shown in Figure 5.

The results of this test indicate that the magnesium

sulfate-lime- trisodium phosphate treatment performed adequately,

hut not as WC1l as the ferric sulfate-lime-trisodium phosphate

treatment. Note that, cxccpt for iI few points, bath methods

of treatment rcduccd the alpha ~~ctivity well below the CG for

plutonium, and that the variability of the unfiltered Sl~

Sdmples Ltus Iilll Cll g~L’iitCl- j-all LIIC ;Jii:il L’:; iU;ii t ~f2ilCiRJIlC.

,.

i
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This variability is illustrated better in Figuru 6, which

contains plots of the probability of the unfiltered STE alphil

activity being less than or equal to a given V:.lUC for ~ach

treatment over the entire test period. The V:,lUCS for the

magnesium treatment arc consistently higher, suggesting that

routine replacement of the ferric sulfate with magnesium sul-

fate could not be justified.

On operating day number 20, a waste known to contain EDT.+

and other chelating agents was processed with the magnesium

treatment with significantly bette~ results (250 pCi/k in the

unfiltered STE compared to 950 pCi/2 for the ferric control).

Since that time, magnesium sulfate has been added with ferric

sulfate and increased lime doses during occasions o{ non-

typical plant influcnts.

(2) Clin.op iilolite Test - Table VIII provides a summary of

the chemical usage and the performance of the ferric sulfate-

lime-trisodium phasphatc treatment with and without clinoptilo-

lite over a 9 week period. For this test, the performance

aata are based on radiuchemical analyses for 238PU, 239PU,

‘OSr, and 137CS in weekly composites of the raw feed and STE’S.

Variations in the total plutonium ( Zsspu + 239 Pu), on both

a specific activity anti a mass basis, 90Sr and 137 Cs during

the test period arc shown in Figures 7, 8, 9, and 10 rcspectircly.

25s
Note that the tntal plutonium (

flq
ilu + ~%u) and Sr rcmuvals

were relatively unaffected by the addition of clinoptilolite

while a significant improvement was noted in the
137

Cs removals.
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On Figure 7, the alpha activity for S1”E-1 ~or week ‘5

is not included hccausc a spurious “hot sanplc” was detected.

The authors h:’v~ occtisiona?ly found such non-typical

particles in thr suspended solids of ra~f fccc! samples filtered

with a 0.45 }Jm milliporc (Type [LA) filter by using autoradio-

graphic techniques.

CONCLUS1ONS

The following conclusions can bc dra~in from these

studies:

1. ‘1’hc presence of suspended matter (i.e., clay) in the

spiked tapwater solution improved the plutonium removals;

however, the addition af clinoptilolitc to the plant raw feed

did not proviclc any noticenblc improvcnent for plutonium removal.

2. The addition of powdered clinoptilolite to the

regular treatment in the plant significantly improved th~ re-

moval of 137 Cs, but had little effect on plutonium or 9USr

removal.

3. Magnesium sulfate-lime-TSP treatment in the plant

performed adequately, but no’ as Kcll as the regular ferric

sulfate-lime-TSP treatment. However, magnesium appears to b.z

an adequate alternate during occzsions of non-typical influents.

4. A large portion of the Fiutoniurn is associated with

the suspended solids matter in the waste. AutoradiGgrarfis

indic:ltc that the plutonium is generally evenly distributed,

with some occasional hot spots.
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TABLE I

MAJOR RADI(INLJCLIDES IN TA-5CI l:A’# WASTE

Bla~nr Concentrntlon, PCi/E
Decay Typical lJncOntrnlled

Radlcmurlldc rl/2(yr) Mode—..——.—— — TA-50 Waste—..-.-—, ---- Area(CG)—. .———-.—

2‘eFu 87 Alpha 140,00U 5,000
z 39PU 24,400 Alpha 5,800 5,000
#hlAB 458 Alpha 6,000 4,000

*csr 2‘J Beta 1,100(=) 100
1 a7c~ 30 Deta, 5,:00 20,0C0

Camma

—-- ..—.— - —,—— --— .—- .—— — .. .————
B9 Ym

.——— .—.. ..

(n) Sr - Sr combined
.
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TABLE I]

CliE:+ICAL CL)NPOSII’r CIX OF LOS ALAF40S

TAPWATER

Constitu~nt.- —-. . -. —,. Tn?wnter—.. - .-.. -.—

Totnl dnrdnc~~, mg/L CtIC03 25

‘1’otal A1l.alJnity, mM/2 CaCb3 60

Tatal DitIEIuIvL?tl SOIJLILJ, ❑glg ~g3

“ Conductivity, llmk~/cm 116

pll , mg/~ U.2

Na , m~/~ 50

Cn , ❑g/1 9

Blg , mg/2 0.5

Suwp~~ndi~d SolldH

TA-50
Maw !Fcvd— .--—--

30-130

180-1720

245-1360

647-6240

8.6-12.0

75-750

10-26

1-17

74-1580

(*) BiiIIGSdon Y wuck]y compo~J.tos Novomltcr lY75-,lnnuary 1976

.,



TABLE IIT

CHEMICAI. COAGIII.AN’I’S~ST1lNS II VA LIJATl~. D

C1!!:NICAI. TREAT FIENT

~~)l~INAT1ON

Llirie

Lime-TSP

l,l;lgtl~~sium-l,llne

ll~l~llesi(lm-I,imc-TSP

Ferric-Lime

Fcrrir. -Lime -TSP

C:l (oil) ~

400

400

fil)()

/}()()

400

400

CIIE?IICAL DOSAGES, mg l?.

I“F2(S04)2” XH2U Ngsoh .71120 ‘:’3}’04
“12H20

200

200

200 200

100

100 200



TABLE IV

EFFECT OF CLINOPTILOLITE ON REMOVAL OF PLUTONIUM

3A’IC!! EXFERIMESTS XI’TN VARIOUS CHEMICAL TREATMENTS (a)

Clinogtilolitc Supcrnatant Alpha Activity,prifl Alpha Activity Removal, Z
Cheaical Treatment Concentration,mg/1 L!nflltercd Filtered (b] Unfiltered Filtered _

riq~--- 0 551,000 49,600 69.4 97.2
50 370,000 77,600 79.4 95.7

100 316,000 300 82.4 99.9+

~~=e-~s? o 14.200 1,560 99.2 99.9
50 6,880 520 99.6

100 3,460
99.9+

140 99.8 99.99

%gnesic~-Line o 21,600 5,480 98.8 99.7
50 6,920 2,420 99.6 99.9

10CI 5,310 1.610 99.7 99.9

?!iigncsCuz -Lime- !_SP o 7,4(IO I,G1O 99-G 99.9

50 3,320 660 9!).8
100 3,030

99.9+
1,040 99.8 99.9

-—— — —. —-.— ------- ..— —.-—.— - . . . . —- . --- -—-- ------ .. ---- .. ..-. . . . . .

Fcsric-Lime o 23,600 3,560 98.7 99.8
50 3.840 3,57G 99.8 99.8

10CI 12,300 2,370 fn . 3 9?.Y

Ferric-Li~e-TS? o 4,360 810 99.8
50

99.9+
4,360 280 99.8 99.9+

100 1,/,20 95 99.9 99.99
———-. - —- . ..—— -.———- --- -—--— ..—- ------- ._-..-. — ------ ______

(a) Initial Alpha Activity = 1.8010GpCl/t of 2“Pu-’39Pu in tapwater

(b) Filtered thrduRh Whatman No. 541 filter paper



TABLE v

EFFECT OF EDTA ON REMOVAL OF PLUTONIUM
BATCH EXPERIMENTS WITH VARIOUS C!fEMICAL TREATMENTS (a)

EDTA Supernatant Alpha Actlvity,pCi/& Alpha Activity hemoval, Z
Chemical Tr~’atment Cone.,mgjfi unfiltered Filtered (b) ~nfiltered Filtered (b)

Lime o 316,000 300 82.4 99.9+
100 387,000 2,750 78..5 99.8
500 344,000 26,400 80.9 98.5

1,000 353,000 94,4G0 80.4 94.8

Lime-TSF o 3,460 140 99.8 99.99
100 1:,600 3,800 99.1 99.8
50C 21,800 2,990 98.8 Un &

1,000
.s.

45,000 15,300 97.5 99.1

Yagncsium-Lime o 5,310 1,610 99.7 99.9
100 11,700 4,930 5)9./4 99.7

500 18,00~ 9,500 99.0 99.5
1,000 34,600 17,700 98.1 99.0

—-

}lagncsium-Lime-TSP o 3,030 1,040 99.8 99.9
100 1,4(!() 2,420 09-B l)gmy

500 1/,,701) 4,360 99.2
1,000

‘)9.8
14,700 4,700 99.2 99.7

Ferric-Lime o ~~,300 2,370 99.3 99.9

100 10,700 2,660 99.4 99.8
500 9,100 2,510 99.5 99.9

1,000 13,000 3,420 99.3 99.tl
— ...—-. .— —— . ..-.-— ----

Ferric-Lime-TSP 0 1,420 95 99.9 99.99
100 4,13(I 900 99.8
500

99.9+
4,080 1,280 99.8 99.9

1,000 12,700 2,230 99.3 99.9

(a) ‘Liipwatcr c~ntaining 1.8*10GpCi/l of 23EPu-2’9 Pu spike and 100mg/R clinoptilolite
(b) Filtered :hrough Whatman No. 541 paper

.



TABLE V1

i
:.

EFFZCT OF CLINOP-’ILOLITEOX REXOVAL OF b5Sr A?lll137CS
BATCH EXPERIMZXT5 WITH VAR1OUS CHEXICAL TREA’1’?fl?NTS

asSr Removal 1 s7cs Removal

Ciinoptilol.te Spiked spiked Spiked Spiked
.~heaical Truatment Concentration, mgJfi Tapwatcr Raw Feed Tapwater Raw Feed-—-. .—

r.izc 0
50 39.1 64.4 74.0 48.1

10U 36.9 84.0
—- ——

Liae-TSP 0 .0
50 51,3 72.0 70.4 49.2

100 43.2 60.2 82.1 64.0
—. — —

M,agncsium -L:me 0 -0
50 43.4 68.3 78.& 59.1

1o11 89.3.-
.-—-——- . -—.— --- — —— —— —.—— —

Yagncsium-!. lmc-TSP 0 -0
50 39.3 75.1 72.2 56.0

100 84.4
._ .---_— - —. . - .-. .. . .. . --- .—-. .. .... . --- . . .. . . ...— --- - ..... . -. - . . ..... ...... ------- ---. — .------- .-----

F.’rric-Limt. o

50 25.6 hti.6 75.7 55.6
100 39.8 86.9

.—.— —-— — .—— ------ . .. . . . — .— - -— ---- --- ----- —- -..-— ..— .——

.-erric-Llmt.-TSP 0 65.2 -0 7.3
50 5/,.0 74.2 71.1 49.5

100 44.6 64.5 82.8 63.1
-—— — ——-.——— -——- —.—--—- - ---- .-— — — -— .——..—— -— —_

.. . . .



TABLE V:l

SUiMMARY OF TYPICAL PL.-~.?;TDi\TAFOR
MAGNESIUM SULFATE VS. FERRIC SULFATE TEST (a)

. ——
Pr=s–’rrain-l Procc si-~i= ‘--q

Parameter Average—

Flow rate, gpm 113

:oagulant Dosage, mg/1

Ferric Sulfate 210

Magnesium Sulfate -

, Lime 500

Trisodium Phosphate 94

~lpha Activity, pCi/L

I

I
Raw Feed 154,200

Unfiltered STE 730

Filtered STE (c) 70

I

Filtered effluent (h) 670

lpha Activity Removal,%

Unfiltered STE 99.5

Filtered STE (c) 99.9+—.——

~nee .—.

56-165

47-5?9

96-985

b2-266

29,800-706,10(

100-2430

5-150

130-2680

97.8-99.8

99.8-99.98 -

.vera- e

:7

-Ranqc

113 56-163

177 10-274 i
500 96-985 ‘

94 62-266

54,200 29,8OO-7O6,1OOI

600(b) 60-8510

240(b) 6..89(3

i
670 130-2680 ~

99.0 88.9-99.9 ,

99.8 99.5-99.99 j

(a) Based on 24 operating days.
(b) Based on 23 operating days
(c) Filtered thxough Whatman No. 2 paper.
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TABLE v~::

SUMMARY 01’PIA:JTDATA FOR CL ISOFTILOLITE TEST

Process ?rain-1 Process Train-2
Parameter Ave~

F1OW rate, gpm 92.3

Oagulant Dosage, nq/?.

Ferric Sulfate 179

Lime 474

Trisodium Phosphate 122

Clinoptilolite

Dtal Pu, pCi/R

Raw Feed

Unfiltered STE

Percent Removal

Dtal Pu, pg]t

Raw Feed

Unfiltered STE

Percent Removal

37
Cs, pci/t

l?nw Feed

Unfiltered STE

perc~nt ~m~val

7-90Sr, pCi/C

kklW EWcd

Unfiltered STE

Pcrccnt Rcrnoval

G

60,60

73

98.8

195,90

121

99.4

371

208

43.9

165

34

81.8—.-. -—

Ran$=

84.2-97.5

128-&42

359-596

57-284

0

45600-97400

70-2450

97.2-99.9

,05,100-276,70[

4-469

90.2-99.9+

2780-5140

1630-3740

0-60.1

873-4220

130-550

54.0-93.1.. ..— ..—

weraqe Ranqa

92.3 84.2-97.5

179 1: 242

474 359-596

122 57-284

181 116-248

60,600 45,600-87,401

630 90-1860

99.0 95.9-99.9

95,900105, 1OO-276,7OI

1030 12-301

99.5 97.0-99.9

3710 2780-5140

1220 950-1990

67.0 43.5-76.8

1250 870-4220

380 97-760

79.6 44.7-92.6-—— .—-—

,. .,. . .. . ...,,-”fimml.pm,,a., .--.”
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